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Polynuclear Aromatic Hydrocarbons 
in the Water Environment * 

JULIAN B. ANDELMAN. PH.D.' & MICHAEL J. SUESS,. SC.D. * 

Afany polynuclear aromatic hydrocarbons (PAH) are known to be carcinogenic to 
aninmls and probably to man. This review is concerned with carcinogenic and nou'carcino-
genie-PAH in the water environment, with emphasis on 3,4-benzpyrene (BP) because it 
is ubiquitous, is one of the most potent of the carcinogenic PAH and has been widely studied. 
Although PAH are formed in combustion and other high-temperature processes, there is 
also evidence for their endogenous formation in plants, which may explain their ubiquity 
therein. Although the solubility of these compounds in pure water is very low, they may 
be solubilized by such materials as detergents, or they may otherwise occur in aqueous 
solution associated with or adsorbed on to a variety of colloidal materials or biota, and 
thereby be transported through the water environment. A notable characteristic of PAH 
is their sensitivity to light. 

PAH have been found in industrial and municipal waste e/JIuents, and occur in soils, 
ground waters and surface waters, and their sediments and biota. With the exception of 
filtration or sorption by activated airhon, conventional water treatment processes do not 
efficiently remove them, and they have beenfottnd in domestic water supplies. Because of 
the ubitputy of PAH in the environment, it is impossible to prevent completely IIIIJH'.T 
expositre to them; nevertheless their siirveiilanee shoidd he continued and their concen­
trations in the environment shoidd be reduced where practicable. 

INTRODUCTION 

Many polynuclear aromatic hydrocarbons (which 
will be. referred to as PAH) are known to be car­
cinogenic to animals and probably to man (Badger, 
1962; Fallc et al., 1964; Hucper & Conway, 1964). 
The potential hazard of PAH to man in water 
supplies has been noted by the WHO Expert Coro-
Qhtee on the Prevention of Cancer7i|'|^^'[ vypicfa 

Industrial efllucnts and aimosphcric pollutants can And 
(heir way into water supplies. Water purification pro-

* The major portion of this work it abstnicted (Vom the 
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desice of Doctor of Science in environmental Health, 
December 1967. This study was supported in part by 
Grant No. 1-1 (yom the Health Research and Services 
Poundation, Pittsbureh, Pa., USA. Paper first submitted 
21 May 1968; revised paper submitted 3 January 1969. 

'Graduate School of Public Health, University of 
Pittsburgh, Pittsburgh, Pa., USA. 

•lintinmmenlal Health Service. World Health Organl-
ation. Regional Ollice for Europe, Copenhagen, Denmark. 

ccdurcs in general use are designed to deal with bacterio­
logical hazards and specific chemical impurities. Each 
chemical impurity may necessitate special measures. It is 
important that attention should be given to this problem 
in terms of carcinogenic compounds. 

In surveying the literature concerning the incidence 
and significance of such PAH in natural and trvatcd 
waters, it became apparent that the large majority 
of these studies were being performed in-Europe. 
For example, Wedgwood & Cooper, in England, 
have studied PAH in industrial efllucnts and sewage 
(Wedgwood, 1952a, 1952b, 1953; Wedgwood & 
Cooper, 1953. 1954, 1955, 1956). BorncflT and co­
workers, in Germany, have investigated the Incidence 
and origin of PAH in, and adjacent to, fresh water 
and water supplies, as well as the cflcelivcncss of 
various treatment processes (BorncIT, I960, 1963a, 
1963b, 1964a. 1964b. 1965, 1967, 1969; Borneff & 
Kncrr, 1959a, 1959b, 1960; BorncIT & Fischer, 
1961a, J961b, 1961c, 1962a, 1962b, 1962c, I962d, 
1963; BorncIT & Kuntc, 1963, I9M, 1965, 1967, 
J969; BonfelT, Engelhardt et al., I96S; Kuntc, 
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TABLE t 
LIST OF PAH COMPOUNDS 

Symbol Compound 
• 

CarcinoGcnic" 
potency ] 

1 Eiiiniricnl 
1 formula 

AC anthraeano 7 

— "SS 

CiiHit 

AF aikyllluoranthano 7 

AN aconaphthylcno C..H. 

AP alkylpyrono 7 

AT anlhanthreno - CnHn 

BA 1.2-banianthracono + CiiHit 

3,4.BF 3,4>boninuoranthono + + CnHil 

10,11-BF lO.tl-bcnznuoronthono + + CnHn 

11,12-BF 11,12-bentfluerofithona - C..H.I 

BP 3,4.bonzpyrono + + + CifHit 

1,2.BP 1,2-bonzpyrono CsiHii 

BPR 1,12-beniperylano | - C.-iHn 

CH chryaeno + C»H.f 

CR coronona — CiaHil 

DBA 1,2,S,e-dlbanznnthracona + ++ C»H» 

DMBA 9,10-dimethyl-1,2-bcnzanthraccno (active) CitHii 

FL 
• 
1 fluorcntheno - C.iH.t 

FR fluoreno _i» C..H.. 

IP ! Indono (lA3-cd) pyreno + CnHn 

MCA 3-mothyleholanthrana (active) CnHn 

PA j phananthrane 7 CnHn 

PR • peryltno — CnHn 

PY pyreno - CnHn 

TP triphonylano — CnHn 

" Potaney notation: -F-F-l-, aetlva; +-I-. modorato;-F, weak; —, innctlva; 7. unknown. (Com> 
pounda laballad " aetlva " ara so listed by several authors). The notation Is taken Irom Hoffman & 
Wyndar (1982). 

<> Ratarcnco from GrAf & Nowak (1968). 

distilled water by an analytical technique sensitive 
to 0.01 /is/litre (BorncfT & Knerr, I960}. 
inrmnsT in snliibilitv of PAH by the additic 

organic coiwwnds w n nnmnrncnon 
Ibatjs imcortant in the passa"" f^[w|pniintf| 

• into nna mrougn environmental waters. 
, or special interest is the phenomenon of solubiliza-
, lion (IGevens, 1950; McBain & Hutchinson, 1955), 

Mhich is defined by the latter as " a process in which 
I otherwise insoluble matter is brousht into solution 
• by roiloidal matter, .specifically by micelles." 

ft... .n1.,[,i|ivptinn nt PAH hii .minnll.»v is nf nir. 

ticular Interest because the latter are formcd-in_ 
wwtcr bv synthetic qetergents. However, it should eryn 
be noted that solubilization docs not occur until a 
sulTicicnt amount of the solubiiizin;> agent has been 
added and the region of Ihej ^ 
tration (CMQ reached. Once 
CMC is reached, the increase in concentration of 
solubili/.ing agent results in increased soliihility of 
PAl-J, although the relationship is often not a linear 
one. In general, the CMC for synihctic delcrgenis 
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is Iiigii, one study measuring a value of 40 mg/Iitre 
nfn linear alkylbcnzene suifonaie in drinking-water 
(Uohni-Gossl & Kriigcr, 1965). Thus, for most 
natural and treated waters the detergent concentra­
tions are lower than the minimum amount required 
to solubiiize. 

One must also eonsider the phenomenon 
jropy, that !*- the incrgnse in PAH ^nlnhililvin water ^ 
as a result 
chi»pii..-nU not associated with-^ilnii1i./qrininti'fTni 
for example the increased BP water solubility by 

reduced somewhat the BPdcgradan'"q " 
the solution that had been exposed to air prior 

lactic .icit| fEkwall & Sjdblom, 1952), jurines, such 
""a^CSfiemoCWcil-NIalherbc, 1946), acetone (Graf & 

Nothhafft, 1963; Suess, 1967), and ethvl alcohol 
(Brock et al., 1938; Suess, 1967). There is sufficient 

tn t|if--PKBssifailltv of the Increased" 
nr «. a rg,^lt oi tke presence oi ^ 

u,iH/. ynrtpfv romgounds that may be 
Finally, it should be noted 

that hmhiv nolluted water containing emulsions of 
organic solvents would be capable of containing 

\0r\ 

ipi 
rehfivelyJarce quant 

Tho «nrntiftrt of PAH OH to surfaces is an impor-
tant charaocrlsiic imreiaiion to their presence in 
environmcnul waters. The ability of BP to con­
centrate on activated carbon, calcareous material, 
silica, glass and plastics by sorption has been noted 
(Brock ctal., 1933; BomefT&Knerr, 19S9a; Mallet 
& Schneider, 1964; Knorr & Gatzschmann, 1966; 
Suess, 1967). Hence, the presence of minerals and 
other suspended and settled particulates in environ­
mental waters should be considered in relation to 
their ability to contain and carry PAH. 

light and oxygen^ is an important characteristic in 
relation to ineir presence in water or any other 
environment. Recently, a study was made of the 
degradation of BP and 12 other PAH dissolved in 
cyclohexane and dichloromcthane (Kuratsunc & 
Hirohata, 1962). Sunlight, fluorescent lamps, and an 
ultraviolet source consisting mostly of the 365 m/t 
and 366 m/i mercury lines, were the sources of 
illumination, the solutions being irradiated for up 
to 377 hours. The most lighl-sunsitivc compounds 
were naphthncene and DMBA, with BP and AC 
following. Tlie other PAH generally did not decom­
pose. Oegradntion was similarly aflectcd by daylight-
type fluorescent lamps and sunlight when u.sing 
reasonably comparable light intensities and exposure 
times. Using an tiltraviolel source, the decomposi­
tion of BP was compared in oxygen- and nitrogen-
saliimtcd solutions. Thg njfmf»rn-cniii-.irH mintinn 

scaling and irradi.ttion. However. Bf m "vy 
saturated solution decomposed at a much hig 
rate. Several other invcstigauonj wdfti ptirlortr, 
stiidying similar effects of various light soun 
organic solvents in pure form or as mixed aquc 
solutions, and the presence of oxygen on the dcE 
dation of BP and other PAH (iCricgel & Herfot 
1957; Woenckhaus ct al., 1963; Rcske & Stai 
1963,1964; Tanimura, 1964; Rcske, 1966; Mast 
&Kuratsune, 1966; Harrison &Raabe, 1967; Sut 
1967; Jager & Kassowitzova, 1968). 

A study was made of the degradation of BP sort 
on to suifaces of calcium carbonate in aqueous si 
pensions exposed to fluorescent light (Suess, 19t 
Andelman & Suess, in press). Such a system 
likely to simulate BP behaviodr in natural wa 
environments, particularly because of the demc 
strated ability of BP to sorb on to mineral surfat 
The effects of light intensity, oxygen concentrat' 
temperature, pH and ionic strength on the phoi 
decomposition rate were determined, and the mecl 
nism of this process was discussed. The resu 
indicated that whila hiirhgr 
concentration and temperature accelerated BP dcei 
tiaiion. PH and ionicstrengtn in tlie ranees stud," 
had no effegT" 

Of immediate implications for environmeni 
waters was one study in which a comparison « 
made of the light sensitivity of BP in ciystalli 
form, vegetable oil and aqueous detergent soiutic 
using ultraviolet irradiation and daylight (Borneff 
Kncrr, 1959b). The degradation was greatestJn ) 
Mueous deternent solution- next la-the-aiLgafatwi 
and least in the crystalline form. With daylij 
illumination of about 8000 lux (1.2 mW/cm®) appro! 
mately 20 houps were required to degrade 90% 
the BP in the aqueous solution, and 60-90 hou 
in oil. The shorter ultraviolet l,.,^ath« u.f 
nnrtiCTi|arlv efre<;|ivg. Because these PAH ha 
varying degrees of sensitivity, their relative concc 
trutions in the environment need not refleel tlu' 
in the contaminating sources. Tlie presence 
oxygen and other oxidizing acn^x will ownfirwm 
increase rate oi dcgradntion oi' thu PAlf. )[p 
an.d mixed aqueous sotini''"',f'ifiY ffMi fast 

n in mine oruanic-solvents or jncg-stallinc fori 
: analytical, concentration and separation tcc 

niques for examining PAH in environmental samp' 
have been comprehensively reviewed (Sawicki, 196^ 
Sawicki emphasized that in environmental samp' 

t. 
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these compounds arc generally present in very 
!>mall i|uan(itics. along with many other kinds of 
organic materials, 'rinis. prior to usi"'^ inviriiini-iiinl 
methods Tor their analysis, it is nt-'L-tatsary jy "ypiir''*^ 
the I»AH ilrom otlicr classes oi compounds and fbam 
gnch other. In addition they must often be concen­
trated prior to the instrumental analysis. Solid^ 
liquid and liquid-liquid extraction techniques have 
been used in the initial stages of septiration and 
concentration, often followed by column, paper and 
thin-layer chromatography. Gas chromatography 
has also been used as a separation-analysis tech­
nique. The most fn^oentlY fised instrumental 
jnethods for identification and quantitative analysis 
m based on tne uitraviolet-visible nhsnrniinn spec, 
tra ns U.TI1 dS thc Huorescencc spectra. A concise 
description of the simultaneous determination of 
13 PAH is given by Grimmer & Hildebrandt (1965a). 
For a routine determination of PAH in drinking-
water, however, a simplified procedure is referred 
to by the World Health Organization (1970), sug­
gesting the evaluation of only 6 PAH—namely, 
3,4-BF: 11,12-BF; BP; FL; BPR and IP (BorneiT & 
Kuntc, 1969) (Table 1). 

It is not the intention of this review to examine 
in detail the techniques used in the analysis of 
environmental samples. Yet, an extensive scries of 
studies should be mentioned, as they are particularly 
lueful in describing thc methodology for thc u.xami-
nalion of a wide variety of water aiul waler-rclaled 
samples. Tlicre are discussiuiis of adsorption specira 
and chromatographic techniques (Bornclf & Knerr, 
1959a; Kuntc, 1967), extraction of BP from water 
and sand (BornefT & Knerr, 1959b), and (luorcscencc 
analysis (BorncIT, I960; Kuntc, 1967). In BornclT's 
paper thc greater sensitivity of nuoresccncc com­
pared with ullniviolet-absurption analysis (lO-fold) 
was noted. This is also discussed elsewhere (Sawicki, 
1964). although this sensitivity ratio was there stated 
to be in the range of 10-1000. Extraction of PAH 
from activated carbon, as well as losses encountered 
in the subsequent steps of distillation, column and 
paper chromatography were discussed (BornefT & 
Fisher, J 961 a). Descriptions were given for tech­
niques used in thc analysis of filter mud (BornefT & 
Fischer, 1961b), zooplankton and phytoplonkton 
(BorncIT &. Fischer, 1961c), soil (BorncIT & Fischer, 
I962d), the centrifugate from surface water (BorncIT 
& Fischer, 1963), and liquid-liquid extraction of 
river, lake and tap water (BornefT & Kuntc. 1964). 

Although bioassiTy with conventional laboratory 
animals has long been used in testing thc carcino­

genicity of .specific compi'imds or oMi acts coni.iming 
unknown maleiiaS, the use of Im ii-iii I'm- .vviiv im. 

, careinoi'enie PAII may luivc .ulvantaacs m IL-IH-.S of 
sju'cd and scnsitiviiriWon tk, 'ihomas. I9(>2t. 

A photudynamic bioa.ssay using J'liniiiifnuiii i au-
tlaiiiin has been developed as a presumptive index 
of carcinogenicity from PAH and used to ana­
lyse carbon-niter extracts of finished drinking-water 
(Epstein & Taylor, 1966). Thc correlation of this 
assay with detailed instrumental-chemical analyses 
of PAH could obviate the need for thc latter and be 
particularly useful in thc analysis of large numbers 
of water samples for carcinogenic PAH. 

ORtCIN, SOURCE AND VEHICLES 
OF TRANSMISSION OF PAH 

In this discussion thc term 
the formationjf PAH, while 

origin " wilt to 
jounce " tt ilHigaifa. 

the object oy mnterial in which thi^v 
trated and from which thnv miw.hi' 
inio"TnB environment—Thc vehicles of transmission 
are industrial and domestic efllucnts, atmospheric 
fall-out, precipitation and run-olT water. The ubi­
quity of PAH, in spite of their instability, particu­
larly with exposure to light and oxidizing agents, 
and their very low solubility in water, prompt one 
to consider their possible origins. 

'Orlniii ami xmircf.i 

Until recently the evidence available seemed to 
indicate that the carcinogenic hydrocarbons in thc 
environment arc formed only at high tcmperaiiires 
(Badger, 1962; Badger ct al. 1966). Badger (1962) 
notes that coal tar, which is produced lw liLMpiu-
coal in the absence of air. eonsists_i)| 
large Quanimcs~oi UJ' and other PAH when pro­
duced at high temoeraturcs (e.g., 700 Cj. as cunt-
pared with juu''<L-43U C wTien the products aie 
mostly paraffins, cycloparaffins, olefins, and phenols. 
The carcinogenic efTect of petroleum asphalt, cooking 
oil and coal tar has been studied (Huepcr & Payne, 
1960; Huepcr & Conway, 1964; and others). The 
materials associated with such high temperature 
pyrolysis that have been shown to contain P.AH. 
and which may act as a source of them for the water 
environment, include coal tar and coal-tar piiuli. 
shale o|l (Cahnmann, 1955)', and carbon bkick. 
which is used in many manufacturing proces«os. par­
ticularly being incorpor.itcd into automobile i>ies 
(Badger, 1962). Thus, the wear of thc latter on rv\n.!s_ 
can be a source of PAH. Bitumen or asphalt tiNcd 
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jn constructins roads contain PAH. as docs dust 
in.il iililji I'lHIH ihcir .stirfaccs and car-_ 
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rj^ by ruh-oii waief lUomcir & liurnc. 1965). 
up has bUn iuilmud num cracked mineral oils but 
carcinoEcnic PAH have generally not been isolated 
from uncrackcd oils (Cook et al., 1958; Badger. 
1962). However, there is some evidence for the 
occurrence of some PAH in crude oil (Mcinschein, 
1959), and the presence of BP in concentrations of 
about 1 nng/litro has been demonstrated (CrSf & 
Winter, 1963). Shipping and harbour ofis have been 
connected with contamination of water by PAH 
(Shimkin et al., 1951; Cahnmann & Kuratsune, 
1956: Mallet, Tendron & PIcssis, 1960; Mallet & 
Le Thculc. 1961; BornelT, 1964a), as have elBuents 
from a variety of industries using pyrolytic processes. 

The Question of endogenous formation of PAH 
Jn Plants and micro-organisms (MlHiei A Heroi, 
1962; Borncfi; T!r636n983arGrjf, 1964, 1965; 
Graf & Dichl, 1966), arises because of their ijhinnitv 
in t{^e Igmirnnjpgnl^ nnrticiil.irlw jn a wide variety 
of nuiterials which it'erc not likely to have been 
.associated with pyrolytic processes. Several PAH 
were found in (iBcsaL.iS(U]6^emote from human 
habitation and in.nther soils nCem, 1947; Mallet & 
Heros, 1962; Biaet & Mallet. 1963; Graf, 1965; 
Mallet, 1965a, 1966; Zdra2il & Picha, 1966). In gen-

.eral. the upper la^'er of the earth contains cax ''" 
epnie PAH in r^nce OT TOOTj^CTOOO 
altboughJtwse soils are a source of PAk for surfare. 

thcir'gSHmBqtiqn !«.small (Borneff 1964a)? 
to presence of BP cannot be 

ITbin pcrtlUieil Ulr; ratW, it seems lo 
inHiconSy^ tu tUft HUH and mignt be the product Of 
living nrrinisms (Hlumcr. jUM). 'Ihe synthesis OT 
P.^H by micro-organisms to account for their pres­
ence in filtration wash-water sludge has been sug­
gested Htnorr, 1965), and was later verified by a 
luboraiory study of various bacteria which accumu­
lated BP through synthesis in amounts of 2 /tg/kg-
6 /*g'kg of dried material (Knorr &. Schenk, 1968). 
Laboratory culture studies of the fresh water alga 
Chhrelht viitnoris have shown that it synthesizes 
sc\-eral PAH (OornefT. 1964a; BornefT, Selcnka ctal., 
1968a: BornefT. Selcnka etal., 1968b). The CNtracted 
nigne contained carcinogenic PAH in the range of 
It) /ig,'kg-.*0 /ig/kg (BornefT. 1964b). 

Tltc prtfscncc of PAH has been demonstrated in a 
wide variety ivf planLi from diverse sources (Giiddal, 
1959: BornefT, 1963b; Grimmer, 1966). Of special 
interest is some recent research on (he synthesis of 
PAH and their physiological functions In plants 

(Graf. 1964. 1965; Graf & Dichl. 1966; C 
Nownk. 1966). Wheal anil rye were grown 1 
ponically in solutions made from reagent 
chemicals which were free of PAH and i 
presence and absence of light. Whereas the 
contained only traces of BP the seedlings con' 
10 /ig-20 us BP per kg of dried material aftc 
days of growth. It was concluded that the B 
synthesized by the plants, both in the present 
absence of light. In another scries of cxpcr 
it was shown that BP added to the soil or nu 
media accelerated the growth of kohlrabi, caulifl 
wheat, rye, and tobacco. 

In the case of rye, the grain output was 3 
greater when the BP was added. It was found 
BP was not stored in Ihcsc experiments, but 
utilized. Similar experiments with DBA, a si 
carcinogen, and BA, a weaker one. suggcsi 
direct relationship between carcinogenic potcr 
animals and the abiiiiy of PAH to promote gi 
The investigator concluded that it is likely that 
is a world-wide synthesis of PAH in plants, and 
they have always been present in man's environ 
Although additional research on the synihssi 
PAH by plants is required to justify the conclus 
that the process is a universal one, the great an: 
of evidence of the ubiquity of PAH supports 
likelihood of such syntheses. 

Vehicles of rrammission of 
Various industrial entrcpriscs are a potential sc 

of PAH, and contaminate the water enviror 
when releasing their large amounts of waste-w 
effiuents into lakes, rivers and coastal wa 
(Bourcart et a!., 1961; Mallet & Le Theule, 1 
BornefT, 1964a; .BornefT &. Kunic, 1965; Boui 
& Mallet, 1965). Industrial effluents, loaded 
PAH. may be produced bv refineries, industries ui 
inn materials for manuracui 

hy-pmriiirts, the pJaStlCS anO d>CSl 
iodustrics. high-temperature fumaccs^ the lime inc 
tty and others {M.iHct & Le Theule. 1961). Alibc 
industrial wa.stc-watcr has been generally rccogn' 
as a poienlini vehicle of transmission of PAH. c 
few quantitative investigations have been conduci 
The majority of the reports were published 
British ami Soviet authors (Tabic 2). The Dri 
authors sltidicd the PAH content in inJustrinl cl 
ents hcfoFC entering Ihe city .scwvrs, while the .So 
authors put the emphasis on the study of BP c 
ccntration in the cfllucnts of various proccs: 
stages of the solid fuel by-product industry (Gorta! 
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TABLE 2 
PAH CONCENTRATION IN INDUSTRIAL EFFLUENTS 

Industry Sourco of wasto-watsr BP concontration 
(iig/lilro) Roleronce 

Shile-oll 

After treatment for dephenollintlon 

b 

320 

S 

2 

Makhinenko A Oikun, 1962 
Oikun & Makhinenko, 1963 

Grtf, 1964 

Vcldre etal., 196Sa,19CSb 

Coko by-products 

i 

Not Indicated 

After oil separation (S samples) 

Spent goo liquor 

present 

12-16 

6^,130,250,290 and 
"big "quantity 

very small quantity' 

Yanyshova et at., 1962 

Fedorenko, 1964 

Chsrkinsky et al., 1959 

Wedgwood, 1952b 

Coko or oil-gao works 

. 1 

Before discharge to sewer 

Bsfore discharge to sewor (2 plants) 

not indicated ' 

1000 and 340 < 

Wedgv/ood A Cooper, 1955 

Wedgwood A Cooper, 1956 

1 

Oll-gss works 1 Aftor oil sepsretlon (3 somplos) 3, 6, and 30 Cherkinsky at al., 1959 

oil loflnory Altar oil separation (3 samples) none detected Cherklnsky et aU 1959 

Tor papor Not Indicated j prosont Grigorov, 1960 

Acetyicno Not indicated 0.015-0.100'' Flllppov A Ruchena, 1965 

Ammonium sullalo After cooling and settling about 10' Wedgwood A Cooper, 1955 

« Also present were: AT. BA, CH, FU PR, and PY. 
^ Present or suspected were: AC, AN, BPR, FR, and PA, 
® Also present were; AC, BPR, FL, and PY. 
* The flgures were taken from Cheir.lcil Abstracts, but appear to bo too low. It Is assumod that the correct values should 

read 15-100 ng/lltre, 
* Also present: AP, AT, BA, 1,2-BP, CH, FL, PR, PY, and TP. 

I 
& Oikun, 1958; Dikun St Makhinenko, 1963) as 
well as in the finally treated waste-water (Vcldrc 
ct al., 1965b). The results indicated that BP concen­
tration increased with increased crai^king temnem. 

-lure. but it was not dctectea at all in waste-water 
from operation^' tindiei'' 50(1"C" (Cficrkinsky et al^ 
1959; Veldre et aL7l9'6^): 

Municipal wastes CTablc 3} often contain large 
quantities of industrial efBucnts (Wedgwood St 
Cooper, 1955, 1956). During the rainy season t^e 
icwcr system may also be afTcctcd by ruii-ofT water 
passing over roads. In addition, iujsjaQjirinc^waj. 
found,'" rrtntain ]j|p (vfaiut Si Hcfos, 1960), while 
tlic Iiuni.Tn inolubidiic 8-hyilraxy-3,4-HP was iden-
iilicd in boll) (he .urine and faeces (h-crscn, 1947). 

It was noted that PAH were actually present in 
sewage sludge whether or not industrial wastes enter 
the system (Wedgwood, 1952b; Wedgwood & 

•Cooper, 1956). 
The niiii^i»npt»nn<t fnteofPAH in the noHi 

spn 
det 
hcrcjiavcbcenjvidejy^ 
'.ail in the literature. It has been shown that some 

of the PAH in air find their way to the ground 
adsorbed on to aerosols .md bacteria (Mallet & 
Hdros, 1961), cither by direct settling or through 
precipitation. Run-oif water can then collect the 
PAH from areas covered with atmospheric fall-out 
and road-dust (Wedgwood & Cooper, 1954; nornefT, 
1964u; llornelf St Kiinte, 1%5). as well as fiuin 
freshly tarred or oiled surfaces (Huc|w & Ruchliuft, 
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TABLE 3 

PAH CONCENTRATION IN DOMESTIC EFFLUENTS 

Seurca 
Cencontratlon O'O/litn}' I 

BP 

OomPBlic cniuonl from a tmall 
community alter primary troatmont 

Waste eflluonts ontaring Rotach RIvar: 

Sample I 

Sample II 

Sample III 

Sample IV 

Sample V 

Waste cflluont of Steckach 

V/asio cllluant at Radollzall 

Waste eniuents o< Hegno: 

Sample I 

Sample II 

Sample III 

Sample iV 

0.170 

O.OIS 

0.047 

0.079 

0.100 

0.038 

0.100 

0.3C8 

0.001 

0.011 

1J40 

0.450 

Vegetable cold wash-water: 

Sample I 

Sample II 

I 

1.60 

1.02 

Uiiiiu (rem P.-iri8 Inhabitanis 
(4 samples) 1 tea 

Sewoge at Leningrad 

Sewape. final effluent 
(4 plants-4 samples) 

present 

present 

Sludge from tecenda.-y treatment 
(humus) 

Humus, dried 

presant 

3000 

Carcinogenic 
PAH 

Total 
PAH 

Reference 

3.0 

0.2 

1.1 

1.0 

0.5 

OJ 

5.0 

2.8 

0.1 

1.2 

37.9 

31.6 

15.0 j Bernefl A Kunte, 1964 

i Bernefl A Kunte, 1965 

OJ 

2.7 

6.0 

5.1 

0.8 

15.0 

8.8 

0.8 

4.2 

37.5 

68.0 

Bernefl A Kunte. 1963 

Bernefl A Kunte, 1655 

Bernefl A Kunte, 1965 

Grimmer, 1965 

8.1 

5.8 

25.2 

22.8 

Mallet A HOras. 1960 

0.15-1.50 
PY, AN. AP and FL 

Poglazeva et eU 1958 

Wedgweed A Cooper, 1954, 1956 

AC, AN, AT. BA, 
FL. PR, and PY 

Wedgwood, 1932b 
Wedgwood A Cooper, 1934, 1955 

Wedgwood A Cooper, 1954 
j -

" Detailed tables with figures for the various carcinogenic and nen-carcinogenic PAH are presented i.i Bernefl A F 
1984, 1965; Grimmer, 1966. 

1954). A part of the rim-olT water gels into the city 
sewers or the natural surface water, while another 
part of it may infiltrate through the soil into the 
ground-water. 

Only a few samples of precipitation and run-off 
water have been analysed for their PAH eontcnt. 
Nevertheless, PAH i4crc recovered from rain, and 
freshly fallen snow (Cooper & Lindscy, 1953: Gilbert 
& Lindsey, 1955). 

I'AII IN I NVIH(JN.MLNTAL WATLRS 

Borncff & Kunfe (1964) divided fresh netcrs 
4 categories with respect to their carcinogenic 
concentration (Table 4). these being corrctatr 
general with their degree of pollution. Ho\i 
in this review environmental waters arc divided 
4 different categories. The first two, marine 
surface water, include flora, fauna and scdin 
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TABLE 4 

CONCENTRATION OF CARCINOGENIC PAH 
IN FRESH WATERS" 

W.ilur lyiif 

Ground-wnler 

' Treated ri«er and lake wnlor 

' Suilace w.iUf 

Surface water, ttrongly contaniinalod 

Conccnirnllon 
r.iiiou 

(ng/lilrc) 

0.001-0,010 

0.010-0X125 

0.02S-0.100 

•0.100 

" Taken from Bornofl & Xunte, 1004. 

in addition to the water itself. The other two cate­
gories are ground- and drinking-water. 

The majority of the investigations in the marine' 
environment were performed by Mallet & co-workers 
(Suess, 1970). Sy.stcmatie studies were made of 
the Ailanlic, Channel and Mcditcrninean C(tdsf.s 
of France (Mallet ct al., 1960; Mallet. I960. 1961: 
Bourcan et al., 1961; .Mallet & Le Thcule, 1961; 
Lalou ct al., 1962; Mallet & .Sardou, 1964; Mallet & 
Schneider, 1964; Mallet & Laimi, 1964: Perdriau, 
1964a; Mallet, 1965; Mallet & Sardou, 1965; 
Lalou, 1965; Grcirard & Mcur>-, 1967; Mallet, 1967) 
the Bay of Naples, Italy (Bourcart & Mallet, 1965), 

and the western const of Greenland (Mallet. Penlriau 
& Perdriau, 196.1a. I96.1l>: IVrdnaii, IVWI»( ra­
llies 5 8). The latter, a practically iinpoinilated 
coast with little shipping and water ve:xe(atiiMi uas, 
nevertheless, found to contain on (he average the 
siinie order of DP contaniinatioii us the l-rench 
coasts, thus indicating the ubiouitv of DP in the 
oceans. In a number of locations aiong me l-rencir* 
const the lish and molluscs containcil notable 
amoitiits of DP, while (he alltivial deposits at the 
same location showed only trjcc.s. nos^H^iy 
ing that Cfa-tain miirinr! nrranisms-arfi rnn. 

In the past it has been stiggestc'd that hydrocarKins 
may possibly be transported in the oceans by .sea 
streams from industrialized and heavily polluted 
areas to remote and unpopulated regions (Boureart 
et al., 1961; Mallet & Sardou, 1964). However, 
recent reports on endogenous synthesis of PAH in 
flora (sec previous section) indicate that they may 
be formed in the.sc areas. This can be supported by 
studios on the origin of petroleum which showed (he 
presence of aromatic (and other) hydrocarbons in 
phytoplankton and which postulated that the amount 
of aliphatic and aromatic hydrocarbon compounds 
produced by phytoplankton per square kilometre of 
ocean may be as high as 3 tons (2.7 metric tonnes) 
per year (Smith, 1954). In addition, plankton may 
be able to li.x them from e.xugcnuus sources (Mallet 

TABLE S 

CONCENTRATION OF BP IN MARINE PLANKTON 

Seurcs 

Greenland ' 

Italy* 

Frencli Clmnnel eoeet 

Ffcncli Madilarranoan coast* 

Estuary, Ftencli Channel coast' 

Ditto* 

OlatofflS serving as filtars in food 
industry 

BP coneoniratlon 
(iig/kg of dry 

sample) 

5.5 

6.1-21.2 

400 

not dotoctad lo 8 

100 

350 

5J 

Reference 

Mallat, Perdriau & Perdriau, 1S63a 

Boureart 4 Mallet, 1965 

Mallet 4 Sardou, 1964 

Mallet 4 Sordou, 1964,1965 

Mallet 4 LamI, 1964 

Mallot 4 LamI, 1064 

Mallat 4 Schneider, 1964 

* One samela from depth of 39 m. 
* Six snmplos collected on water surface end from a depth of 2 m. 
• Flllecn samploi. 
' Planflon debris in foam immodlately downstream of dam. 
' Plankton debris west of outlet, downstream from dam. 



TABLE 6 
CONCENTRATION OF BP IN MARINE ALGAE 

Source 
BP eoneartralion 

! (ng/kg of dry 
sample) 

! 
1 Reference 

Greenland, west coast' 80 Mallet. Perdrlau A Perdrlau, 19C3a 

Greenland, west coast" 60 Mallet, Perdrlau A Perdriau, 19C3a 

Italy 2.2 Bourcart A Mallet. 1955 

French Channel coast not detected Mallet, 1951 

* SsRipIo from depth of 40 m. 
* Samples from boSlom of the sea and shore. 

TABLE 7 
CONCENTRATION OF BP IN MARINE FAUNA 

Source 

Greenland, west const" 

Italy, Bay of Naples 

Italy, Bay of Naples * 

Italy. Bay of Naples •' 

Various French coasts * 

French Atlantic coast 

French Channel coast 

France, Toblon harbour 

Alabama 

Viroinia 

California 

California 

Sample 

Cod fish 

Mollusc 

Holothurlan 

Mussel: shell 

body 

Mussel: shell 

body 

Mollusc 

Sordino 

BP concentration 
(uO/kg of dry sample) Reference 

IS 

60 

not detected 

18 

55 

11 

130 and 540 

2.4 

65 

Mallet, Perdrlau A Perdrlau, i 

Bourcart & Mallst, 1965 

I Shrimp, oyster, mussel, 
j mollusc, crab, etc. 

' Oyster: shell 

! body 
I 

Oyster: lower shell 

upper shell 

Mussel 

Oyster: shell 

Oyster 

Goose barnacle 

Thatched barnacle 

not detected to traces to 
1.5-90 

3.5 MO/dozen 

0.4 ng/dozon 

70 

112 

10-23/ 

24 

3-6« 

present 

present 

Mallet, 1961 

Mallet, Tendron A Plessis, 1! 

Mallet A Schneider, 1964 

Greflard A Maury, 1957 

Mallet A Sc.'ineider, 1964 

Cahnmann A Kiiratsune, 1957 

Koo A Zechmoister, 1932 

Shimkinetal. 1951; KoeA 
Zeehmoistsr, 1932 

" Sample Ircm depth of <0 m. 
6 Two samples. 
f SamnlC'Irom depth ol3S m. 
•' Samplu Irani water surlaeo. 
<' Mnildt (1961) presents a detailed list of 25 samples covering 13 species. 
/ Total PAH was about 1100-3400 ng/kq. 
9 Total carcinogenic PAH was about SCO ug/kg, and total PAH about 1300 sg/kg. 
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TABLE B 
CON'CtNrnATION OF BP IN MARINE SEOIMCNTS 

. 1 

Source 
1 
1 

i 
Snmpio Oeplh 

(in) 
BP conconlralion 

(/•O/kg ol dry 
aampio) 

Gieenlond. weal conat 
" 1 

Sand 0.30 5 

1 Mud, annd, ahell" 19-43 1000-3000 
J 

! Sand, ahell 13 7.6 1 
IMIy, Bay of Naploa 

(6 locatlona) 
Mud, aand 

Mud, aand, ahall' 

2-6S 

SS 

10-930 

360-960 

. i Muddy annd 130 1.4 

Mud, aand ' 100-560 
1 

i 
1 
i 
1 0-043 1800 ! 

043-048 3600 

0.08-0.13 9000 
' 0.13-0.18 3500 

Trench Moditerrnnoan coast 
1 

1 
1 
1 
• 
t 

1 1 

1 

0.93-048 

043-048 

048-0.53 1 
1.00 

zoo. 

3300 

730 

420 1 
1 ! 

20 j 

16 

! 
1 

Sand . 14 400 ' 
1 

S'ack mud 16 1900 : 
1 

French Mcdilcrrnncan conat S.ind I 43 79 j • 1 ' 

Snnd 1 38 traeoa ^ 

* Boigo mud 83 400 

Eatuary, French Madllcrranoan Sand 34 1 
Sand 

f 
1 30 

i 
Sand 

1 

1 * « i 
! Sand 5 85 ! 
' .Vud 103 net dateetod 1 

1 

' French Medltarranaan coaat " 1 
» ! 

French Channel coaal Mud 19000 

French Channel and Atlantic 
eeesta (11 locatlona) j Mud, aand 

1 1 

net delected j 
te 1 700 

Rulcivneo 

Mnllel, Pordrlnu & Pordnau, ttCBi 

Boureail A M.illct. 19CB 

! Lalou at al., 1«62 

Beurcart ot al,, 1961 

Bourcnrt el al., 1961 

Boureert at al., 1961 

Boureart et al., 1961 

Mallot, Tendren A Platils, 1960 

' Five aamplea ware eelleeted 309 m from ahora. Area la highly Induairlalliad. 
* Four aamplaa wora eolleelod in the vicinity of volcanic pollution. 
* Four aomplas. Thia laiand la atlactad by pollution. 



TABLE 9 
CONCENTRATION OF PAH IN SURFACE WATERS 

i Concontralion (iigilitre) <* 
Source 

i : Carcinogenic 
1 PAH 

Total 
PAH 

Refarence 
1 

0.003 i Borneff & Fischer, I962t 

Bodcnsce , 0.00044 ; 

1 
Borneff, I9e4a • 0.0013 0.030 1 0.06S Bornoff A Kunle, 1964 

Alpr!:lno 0.009* 
1 
i Borneff, 1964a 

River Rhine I present Helluta A Talsky, 1955 

River Rhine 0.050 to 
0S0O4 

Bornoff A Fischer, 1962a 

River Rhine at Nlslnt 0.080* Bornoff, 1964a 

River Rhino at Maiiit (Mar. 1994) 
(Mar. t864) 

0.049 
0.1t4 

o
 o

 

0.73 
1.50 

Borneff A Kunio, 1964 

River .'Jtain, at Sellgonstadl 0.0024 0.155 0.48 Borneff A Kunle, 1964 

River D.in>ibe, at Ulm 
(Apr. 1964) 
(May 1964) 

0.0006 0.055 
0.078 

0.28 
0.20 

Borneff A Kunte, 1964 

Rlvrr Gersprens. at Mur.slcr 
(J.in. 1964)-
(Anr. t984) 

0.0090 

! 
0.099 
0.038 

<
0 

O
f 

d
 d

 

Borneff A Kunte, 1984 

Rivrr A.ncli. .it Slockach ' OJO ! 1 Borneff, igota 

River A.ich, at Slockach ' 
Sample 1 
Sample II 
S.imolo III . 
Sample IV 

9.043 
0.016 
9.004 
0.009 

1J0 
0.90 
OJO 
1.10 

1 

3.0 
2.5 
1.4 

: 

Borneff A Kunte, 1965 

River Schiissen (Bodenaoe) 0.50* Borneff, 199<a 

River Schussen OAt 0.20 1.0 Borneff A Kunte, 1965 

River Argan (Bodensee) 0.07* Borneff, 1984a 

River Seine Considerable 
amount • 

Mallet. 1965, 1966 

River Plyussa: 
at discharge site of shale-oil effluent 
3S0Q m downstream 
at the water Intake of Nervy 

12 
t 
o.t 

Oikun A r/akhlnenko, 196! 

A fiver: 
15 m below discharge of coke by-product 

effluent i 
SOD ffl downstream 

9-12 
2-3 

Fedorenko, 1994 

Ptat (turt) water j 0.09 Graf, 1955 

'' Oelalled tables with nguras for tho various carclnogsnle and non-carelnoganic PAH aro prosantad In Bornoff A H 
1964, IvoSo 

'* Extrapolalad from rapid sand rillraiton lako mud analyses. 
' Eairapolaled from csnlrlfugato fractions, 
*' Extrapolated from activated-carbon adsorption analyses. 
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& s.iuliui. I9fi4). .iiul niiiiinc may he con-
i.imiiiiilfil Willi III*, iViMTillcss .-i' wl'elher in poU 
liileil or iiiipolliiioil !ov.:ili«»ns (I.ih'k: TV l*<\l! an; 
Iiol oitiNKlcu'il II0II11.|| Iiiclaholii.- nimlo^K of marine 
tiluna. mil may PC iiu'CNicd in ilic course iir liUcr-
fixilins (Shim^iri ct al.. 'li>5l; ICoc ifc Zcchmciagr, 
1952; Zcciimcistcr & K.oc, 1952; Nfallct, Tcndron 
A Picssis, 1960; Mnllut, I960). This may also 
CAplain (he hii;li Kl* conecnlriition found in ilic 
MilcarcPiis shell of sonic orj^nisms (Mallet & 
Schneider, 1964) (Tabic 7). 

Tlic sources of PAH in the marine sediments 
include: surface eniuents, ships, volcanic debris 

(Diuncarl A Mallet, 1965), and activily of ori;:iiiisim. 
iiicludin;; iMcleria. The lallcr may esplain ilie very 

,liit>li III* coneenlralion roiiiul al Mime poiiils tiiuler 
Ihe hiilloin of ihe Day of VilletVaiiehe (lotion el al., 
1962) (lablc «). 

Carcinogenic PAH have been delected in many 
surface waters tiaoic 9). Moimtain stream^uch 
as the Alprhinc, and relatively non-polluted lakes, 
such ns the Bodensec (Lake Constance), have si's-
niricantly lower concentrations of PAII compared 
with polluted rivers, such as the lower Rhine. 
Industrial and munieioal cllluents arc an important 

PAH in surface water. PhytoplankTBHr 

TABLE 10 
CONCENTRATION OF PAH IN SURFACE WATER ENVIRONMENT 

I 

Seuice 

I Coneantratlon 
(MOAO of dry samplo) ' 

Sa.T.s:a Carcino-
BP j oenjc 

Uiboratory Fllamenlout ties* 10-S0 

Bodensoo 

Bodenseo 

Bedenteo 

Bedonaae 

aiprhlne, al Bragenz 

Biksr Rhino 

?>vtr Rhino, at Mainz 

%i«r Main, at SellganilDdt 

' .If Aach, at Slockach 

I 
' lerSchutaon (Bodonaeo) 

^.irArgontBodenaae) 

I NilHiiroler pool, Italy 
i 

1 

Phylopl.-inktor. >• 

Suspended ss'-ds ' 

Suspended sei'ds*' 

Suspended sz'ids* 

2 

50 

200 

170 

1250 

3200 

3000 

Suspanded ss:'cs Aug. 1952 

Sept.1S82; 

Suspended so'.ss' • 390 

Susoended sel'es ' 

Suspended ss"ds*: Aug. 1902 

Aug. 1952 

Juno 1963 

Suspended sards' 

Suspended scTds ' 

600 

2000 

500 

<00 

100 

Tublfes werns 50 

150 

15 

2 600 

3 COO 

5000 

5700 

6 <00 

19000 

18 000 

3780 

Tolol 
PAH 

700 

1500 

6000 

620 

53 

3000 

17000 

50000 

56000 

55000. 

9600 

Reference 

Bornefl, 196<a 

BornelT A Fischer, 1962c 

Bernefl A Fischer, 1962b 

Bornolf A Fischer, 1953; Bornefl,' 
196<a 

Bornoff, 19S<a 

Bornefl, 195<a; Bornefl A Kunte, 
1965 

Bornofl A Fischer, 1953 

Bornefl. 1954a 

Bornefl, igs<a 

Bornefl. 1964a: Bornofl A Kunte, 
1965 

Bornefl, 196<a; Bornefl A Kunte, 
1965 

Bornefl, 1S54a; Bernefl A Kunte, 
1965 

Scacclnl-Clcntellt, 1965, 1965 

• Detailed tables with llgures for the eareinogenlc and nen-carclnogenle PAH ore piesonted In Bernefl A Fischer, 1952b, 
>3e, 1663; Bornefl A Kunte, 1955. ^ 

^ Up to 95;i were diatoms, Asleilenti'a .'o'neso. 
' Co.-irsu pnrllclos only, Iroin rapid, sa-d-Mtcr backwash water setliod In a sedimentation basin. 
* Rapid, sand-filter mud cenlrifugate eoi'ecisd from backwash water after complete suspension (down to 1 a). 
' Centrifugnto of wpter sample (dewn :s 1 a). 



one of th" iifl"""" '» 'he Bodcnscc.Js_ 
ho\vu\L-r. ynjv " iwincM- t-nntnbmor when yHmBarcJ 
wiih ir.Jtisirial nolliiliO!i and nin-oir walcr from 

TABLE tl 
CONCENTRATION OF BP IN RIVER BOTTOM SE 

ccads (HornciT &. Fischer, 1963; Dorncfr, 1964a; 
BornciT & Kunte. 1965). 

Suspe.".dcd solids have been studied as vehicles of 
ir.-<-n!^m!«ion of PAH in the water environment. The 
suspended solid fraclions have been oblainod either 
by cenirifuging the water sample or by collecting 
rapid-sand-iiUration mud (Table iO). Bottom sedi­
ments demonstrstcd high concentrations of BP as 
well (Table 11). The values arc comparable in range 
to those for marine sediments (Table 8). 

An inscsiigation of PAH in ground-water was 
performed with the conelusion that, in ccncral. 

llMS llif. TllWCSl nilfa 
rgnir-iiimi of cnrcinoeonie PAH of all niiluraLMatldB, 
ranging from 0.001 i'cZlilcc=OdlLO /xa/lilrc (BocoidL 
riJWarBnmcli'& Kunlc, 1964) (Tabic 12). 

Potable water samples from the following sources 
were examined: untiealed ground-water, mixed 
ground- and banli-riUcrcd-watcr (Tuhic 12), and 
treated riser and lake water (Tables 13 and 14), all 
samples Iving taken at the tap. It was eoncliuled 
that, in general, the carcinogenic PAl I concentration 
in most drinking-water does not cxcceil 0.025 /<g/litn: 
(BornelT & (Cunte, I9r<4). On the oilier hand, BP 
could not he detected in the chlorororm and alcohol 
extracts of carbon filters from finished water at 
dilVerent locations in the United Stales, although 
tlicre was some evidence of unidentified polynuelcar 
hydrocarbons (Epstein & Taylor, 1966). However, 

Soufce 
BP 

nn»ih eonceiitralion » 
0,"^" (..Oikoot, /_* ui 

im) drysampio) ! 

River Seine, about 
40 km downstream 
(rem Pans: 

Cora sampio I 

Cora sample 11 

CotO'tampIo III 

Core sample IV 

Core sample V 

River Seine mud 

Bolloni ili'pasil el a 
rivvr, bolow .1 coko 
by-product plant 

S.9 

7.1 

9 

10 

0.9 

3 

10 

2 

a 
9 

3000 

29 

4 

4 

. 3 500 

osoo 
so 

10 coo 

390 

100 

IS 000 

8200-17000 

Oepi 

Fodc 
1 

there i.s evidence that recovery from activated 
may be incomplete. Because of this it . 
preferable in analysing water for its PAH 
to concentrate by liquid-liquid extraction, 

TABLE 12 
PA.M CONCENTRATION IN GROUNO-WATER 

Source 
Concenlrollen (ha/htra)" 

Carclno BP clnoeoniel Total 
PAH j PAH I 

Oote ol 
s.implo 

collecilen 
Reference 

1 
1 

Ground-wster at Finthon 

1 
1 
1 
1 

04102 
1 

0.005 

i 
Berneff, 1964a 

Ground-water al fdninx 

1 
1 
1 
1 

04102 
1 

0.005 Bornefl, 1864a 

Grojnd-watcr 
1 

Borneir A Kunte, 1964 

Sample 1 1 0.0001 0.001 0.04S May 1863 

Sampio 11 0.0000 0.004 0.034 Aug. 1963 

hfiiod oreur.d- end 
bar.k-riltcred-watcr « 0.0003 0.009 0.140 May 1963 Bornoff A Kunte, 1964 

" Orlnilcd l.tblns wilh rigures for tlie v.irioua enrcinoocnlc and non-carcinOQcnlc PAH ,uo 
presented in Borncll & Kuniu, 1964. ' 
' Sempllno locations not known. 
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TABLE 13 
CONCENTRATION OF CARCINOGENIC PAH 

IN PURE WATER SAMPLES" 

Soufco Cenecnirnlion 
(fO/iilra) 

Tap water at Mainz mixed from 
dlflerent a t aourcea 

Eodontaa, canlrlfugad 

Well water, aouth of Frankfurt 

Rlvef Main, centrituged 

0.00T 

0410 

0.02S 

0400 

Hcttchc, 1963; Cazjccanu ftTrandafircscu. 1966). I 
laboratory studies PAH have been detcetcd in wati 
whieh was in contact with a piotecti\e varnish loi 
tainiii£t a coal-tar base (Uondia. 1966). as well : 
with bitumen used for painting the inside of pip( 
(Borncir & Kuntc, 1965) (Tabic 15), The results c 
the latter experiment suggest the possibility of a 
increase in the initial PAH concentration in treatc 
water wiiile flowing through long bituminous watt 
lines. However, after sullicient hardening and lead 
ing, these materials probably become an insigniflcar 
source of PAH (BomclT & Kunte, 1964, 1965}. 

• Taken (ram Bornoff, 1S04a. 
CITECr OF WATER AND WASTE-WATER 

TREATMENT ON PAH 

currently recommended by the World Health 
Organization (1970). 

After studies of the carcinogenic cliaracteristics 
of pipe coating materials it was suggested that the 
latter were possible sources of PAH in drinking-
«ater(Oruckrcy eta!., I960; Zdm2ii &Pieha, 1962; 

The cflcct of some water treatment processes o 
the removal of PAH has been studied. Table I 
shows the concentrations of BP, carcinogenic ar 
total PAH found in untreated and treated river an 
lake water. As indicated there, the combination c 
rapid sand-fillration and chlorinuiion or ozonatio 

TABLE U 
EFFECT OF WATER TREATMENT ON PAH CONCENTRATION" 

Water source 

1 
Conccnlr.nlon (t>o,'litre) Dnie 

Water source Trcalmont | 

1 ; 
1 

i>
 1 
a
 

If 
'
 

Carchrogenle Total 
PAH 

of aampling 
(1664) 

River Rhino k 
"" 1 j l"" —— 

1 

Sample 1 Untreated 0.114 ; 0.73 .1.49 Mar. 3 

Sample It Untreated i 0.IH9 044 0.73 Mar. 3 

Bank-fllierad 
and activated 
carbon (liter 

1 

! 0.000S 
1 

0.01S 0.13 • May 11 

Bodenaee' Untreated 0.0013 0.030 0.065 
1 

May 20 

Sample t * 

Sample II 

Sample III 

Rapid sand 
filtrailon and 
chlorlnatlon 
or ozonation 

0.0119 

0.0002 

0.0003 

0.0S4 

0.007 

0.010 

0434 

0.025 

0.039 

Mar. 20 

May 20 

Apr. 7 

Sample IV O.OOU 0.017 0.062 May 21 

Sample V 0.0024 0.025 0472 May 21 

Sample VI 0.0040 0.028 0.060 May 19 

" Token from BornefT A Kuntc, 1964. 
** The 2 untrootod snmples were token ot Meinz on the same day with an intervel of 6 houre. 

The troetcd sampie wet lakon at an unknown location 2 months later. Therolore, the treatmonl cfiect 
cannot bo directly evaluated. 

** The locnilens hom which the various snmples ware coilcilod nro unKnov/n, and the snm-
pling dntca vnriod. Thurufere. tho (renlmi'nl cflcct cannot be directly cv.-ili.afvil. Himuvcr, it is 
known that the unlro.ilcd snmplo and Ihc Iroatcd second sample vrere cellcttud on Iho same cry. 

^ No satisfactory explanation can bo givon to the high values. 



TABLE 15 
CONCENTRATION OF PAH IN BITUMEN 

AND CONTACT-WATER' 

SampIo 

Concentration 
(»g/kg, and /ig/litro rospoclivoly)' 

SampIo 
BP Carcinogenic 

PAH 
Total 
PAH 

Bitumen 100 3 400 3500 

Wateri Sampio 1' 0.0175 0.090 OJZOO 

Sampio It'' 0X035 0.043 0.110 

' Tokan from Bornoff & Kunte, 1965. 
* Ootailed tables with flguros for tha various earclnoganle 

and non-carclnoganle PAH are prosentod In Bornoff & Kunta, 
1965. 
' Tha sample was tokan from distlllod water attar 10 daya In 

contact with a coaling of bitumen. 
' Aftor Sample I was taken, tha bllumanoua coating was 

continuously washed for 4 wooks with wator boforo a fresh 
distilled batch of water was put In for 10 daya. 

were ndt particularly cfTcctivc in reducing the con­
centrations of these materials, while the activated 
carbon was primarily responsible for their reduciiun 
in the Rhine. 

River water, aRcr seeping through the rivcr-bank 
soil, still contains PAM, probably because the flltra-
tion docs not cnicienily remove colloidal materials 
(Mallet, 196S, 1966). PAH have liecn rceovcred 
from activated carbon used to filter such river-bank-
filtered water (DorncIT & l-ischer, 1962a; Borneir, 
1964a). Similarly, the efBeieney of yipri. 
fij^ration is not hicl^: vet the mmination of filter 
mud from backwash water of Bodensce rapid sand-

filters indic.ntcs a high PAH conccntratior 
showing some removal (Tabic :fi). .Allhoui. 
gcnc.'-ally true that the better the scdimcnta 
the suspended solids, tlic better the water 
it has to be kept in mirid that no significant n 
of PAH in water should be expected bccau: 
compounds are mostly associated with pcrtic 
small to settle in a simple clarification 
(Bornefr& Fischer, 1963; Eorncft" & Kunte, 
On the other hand, flocculation of raw rivci 
was found more efficient in removal of PAH 
renz, 1967). 

A number of laboratory studies were condi 
the efTcctivencss of oxidizing agents, such as c 
and ozone, on the reduction of BP and other 
genie PAH in water. The studies using c 
(Griif&Nothhafl, 1963; Trakhtam&Maniu 
(Table 17), indicated relatively slow remova 
pared with the typical disinfection time of > 
by chlorine. Thus, while some reduction of 
achieved, the effieicncy of this treatment is qi 
able. Chlorination does not sicnifiiantlv i 
the removal of PAH in lake-w.-iter ireatineilt (H 
1964.1; BnrnclVtVt Kunte,4964) (Table 14). 
uthcr hand, cNpcrimcnis with gaseous chloi 
in doses and contact pcriod.s commonly pracl 
water treatment indicated a \cry high pen 
of BP removal, and yielded non-carcinogen' 
ducts (Rclchcn, 1968a, 1968b, l96Sc, RorncIT, 

Similarly, the treatment of a BP aqueous 
with ozonu-cnrichcd air achicxcd a reduction 
within 30 minutes. However, interference 
process efficiency by organic trace contamina 
been observed (Borncff, 1969). The removal c 

TABLE 16 
PAH RETAINED ON ACTIVATED-CARBON AND RAPIO-SANO-FILTER MUO 

Soureo of PAH 

Activ -carbon 

Concontratlon 
(ug/kg of dry sampio)' 

Carclnoganlc; Total 
PAH ' PAH I 

Rofercnco 

Tha coarao sotiled parllclat from tho backwash water 
of a rapid sand filter, collected (rem a sodlmontatlon 
basin 

Tho conlriluged pnrllclcs (down to 1/i) from the b.-icli-
Wiish wnliir ol .i r.ipid s.-inil'liller 

SO 

200 

150 

1250 

0 700 Bornoff & Fischer, 196! 

15 COO Bornoff & Fischer, 1% 

3200 6200 Bonioil 4 Fihclitfi, IQSa 

" Dolnllod loblos with figuros for tho vivlous corcinogenlc PAH aro prosontod In Bornoff & Fischer, I952ii, 1062b, I! 
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TABLE 17 
EFFECT OF CHLORINATION ON BP CONCENTRATION 

^ J 

jl 
,i 
I 
! 

i 

! 

liiillnl j 
chlorino 

rioso 1 con« 
rmn/iiirai ' centrollon (mg/mre) | 

Tinio (h) iicoded to 
coiicciilriiliui 

V. • 'f. 1 '•/. 
vnlue i valua ! value 

ICllllCC 1 
ri to: 

V" valuo 

BP 

Zoro 
^ Rotercnce 

s s s 
1 

s 
9 

z 

3 

1 a 

! ' ! 

20 
1 

1 - 1 1 
13 

Grai 4 Nothhant, 1963 

oj 1 1 ' - i 'ft 

«•» i ' i - i - " j ' 
'ft I 1 

1 

— j Trakhtman S Manila, 1980 

1 

from drinking-water using oxone was further dis­
cussed by Reichert (1969). When comparing the 
degradation achieved for a number of examined 
carcinogenic PAH, BP was found to be the most 
resistant (Ilnitsky, 1968). The resistance of BP to 
degradation depended on its state, and was greater 
tthen it was adsorlied on soil particles than when 
in solution. 

Filtraiion through activated carbon is the most 
dlcctivc conventional nroccss for the removal of 
PAH. Furtiiorihoiv. the examination onri5irgEt1=^ 
rjtcd carbon did not show the presence of PAH 
(nomcir & Fischer, 1961a). indicating that in this 
respect it is suitable for use in water tieatinent 
(OorncfT, 1964a). Studies on the use of activated 
carbon for the treatment of river-bank-filtercd water 
indicate that the carbon removed approximately 
99% of the PAH (Bornclf & Fischer. 1962a). 

It has been previously noted that BP :uid other 
PAH are sensitive to light of various wavelengths. 
It is thus likely that ultraviolet irradiation as a 
sater treatment process will reduce the concentra-
L'ons of these materials. 

As a significant part of the carcinogenic PAH may 
be present in raw water while adsorbed on particles 
or in suspension, mechanical treatment such as 
xdimentation and filtration as well as flocculation 
may have some effect on their removal. Adsorption 
on activated carbon has been found most effective. 
The best over-all results mav be frftm 

rocesses including both mechanical and 
chemical on».~By"such methods removal of up to 
99% has been achieved. However, no known method 
us yet been found to reduce the concentration of 
•areinogcnic PAH below about 0.01 /ig/Titrc, ^hcir 
^mnmn concentration in nnn-nnllnicil LTniind-w^tET 
^Rci^crtr 196ai-BQcnclf.-1969). 

TABLE 18 
REDUCTION OF PYRENE BY A SEWAGE TREATMENT' 

PY cencantratlon 
(ng/lltro) 

redb-ctlon 

1 

In raw 
aewago 

In toed water to 
sand nilar In final eflluont 

redb-ctlon 

1 

1.00 

0A3 

0.S1 

0J6' 

0.15-OS3<* 

0.4S 

64 

46-05 

12 

" Taken (rem Wedgwood a Cooper, 1950. 
a From nn elllcluni trickling nitration sewage-treatment 

plant using reclrculallen. 
' From an overloaded Irlekllng-flltratlon sewage-treatment 

plant. 

PAH in signilicant concentrations are found in 
effluents from municipal waste-water treatment 
plants, partially due to the slow rate of oxidation 
in biological processes (Wedgwood & Cooper, 1956), 
indicating the limited cfllcicncy of the treatment 
processes. Table 18 presents data concerning the 
reduction of pyrcne in sewage by trickling-filter 
treatment plants. The removal is not high. The 
activatcd-sludge process when studied in the-labora--
tory did not show any signiflcant ability to oxidize 
carcinogenic PAH. even after 144 hours (Lutin' 
et al., 1963). 

The cflcct of dephenolization of shale-oil waste­
water on the BP concentration was investigated 
(Cortalum & Dikun, 1938; Dikun ft Makhincnko, 
1963; Veldre et al., 1963a) (Table 19). It can be 
concluded that in many cases complete removal of 
BP is not achieved and additional treatment is 
necessary, l-lowcvcr, filtration througii a cuke bed 
effects a high degree of removal. 



TABLE 19 
REDUCTION OF BP BY INDUSTRIAL EFFLUENT TRCAT.V.sNT PROCESSES 

Typo o( troRtmonl 

3P cenesntratlon 
(iig/litre) y. 

; Beloro i"Ai;«"l • 
' treatmcnl' troatment' 

Rcfcronco 

Dcphonolliation 10900 310" 1 
1 1 

! " Diku.i A Makhinesko, 1963 

Dopher.olliation 200 s i 97.S ; Gonelbm A OIkun, 1938 

Oepiianoliiatlon S-20 2 60-W ! Velclro el at., 196Sa 

DeptienellMllon 44-04 12-16» 7S Fedorenko, 1964 

Flliratlon through eoko bed ' 1000 1 20 1 •• i I Wedowood A Cooper, tOSS 

" A bulyl acctato procoet waa uacd for dcphonolltatlon. 
'* A 'oicloflical procoss was used for dophanoliintlon. 
' Similar removal efllclanelcs were ochloved lor AC and PY. 

HUMAN EXPOSURE TO PAH 

Before considering ihe possible elfects of PAH on 
the health of man. it is useful to consider the quan­
tities to which he is exposed. It has been postulated 
that as a result of the likely world-wide synthesis 
of PAH by plants, as well as their other origins, 
there e.sist environmental eoneentrations of BP of 
the order of magnitude of 10 /rg/kg-20 /(g/kg of dry 
organic subsianee(Graf& Diehl. 1966). BP, although 
a most potent carcinogen, leprcscnts only a relatively 
small portion of the total careinogenic PAH found 
in environmental samples. The majority of investi­
gators have dealt only with BP or another single 
compound, .md only a few studies touched on a 
variety of carcinogenic PAH in the same environ­
mental samples (BornelT & Fischer, 1962a, 1962b, 
1962c, 1963; BornefT, 1964a; BornelT&lCunte, 1964, 
I96S, 1967). The latter studies led to the conclusion 
that there is no correlation between the concentration 
of BP and that of the total careinogenic PAH in the 
environmental samples. However, BP does generally 
constitute lietween I "/„ and 20of the total carcino­
genic PAH (Tables .3, 9, 10, 12, 14, IS and 16). 

It has hcen pre\-iously noted that in one series of 
studies the general range of concentration of carcino­
genic PAH in ground-water and treated surface 
water is between 0.001 /zg/litrc and 0.025 /tg/litre 
(Table 4). This may be taken as a likely range of 
concentration in drinking-water supplies, although 
higher values have been reportai (Tabic 13). 

There have been numerous reports on the pollu­
tion of air by BP and other carcinogenic PAH (for 

example, HolTmann & Wynder, 1962). Such 
stances may occur in air, sorbcd on to a var' 
particulate materials, and be inhaled by man. 
cinogenie PAH have also been identified in tc 
smoke (Bentley A Biirgan. 1958: Wynder & 
mann, t9S9). It has also been found that eai 
genie PAH occur in fresh and air-ciirvd to. 
leaves indicaiing mat combustion is not rcquirt 
their production |Coo|icr & Campbell, 
Campbell & Cooper, 1955; Campbell & Lir 
19.56. 19.57; Bcntley & Burgtin. 19.58. 1960: .Sha 
Krishnamurihi. 1963; Schmfibl. 1964). Man 
also be exposed to careinogenic PAH from tl' 
of unsmokcd tobacco as snulT. Examples of 
of BP in such materials are 54 /ig/kg in a mixt 
pipe tobacco and 270 /xg/kg in Zulu snulT. 

River and marine sediments, suspended i 
zoo- and phytoplankton and worms, have all 
shown to contain various amounts of carcinc 
PAH (Tables 5, 6, 8, 10 and II). Aqueous 
serve as a food and source of PAH for cdib' 
and shellfish (Table 7), from which the PAH 
reach man. BP has been found in fish from Ihe 
Seine (HepiiLs. I960) codfish (Mallet. Perdri. 
Perdriau. 1963a). hlucli.sh (Smith, 1954), ami 
dines (Bourcart & Mallet, 1965). PAH have 
been detected in various oysters and edible mo 
(Cahnmann & Kuratsune, 1957; Mallet e( al.. 
Mallet, 1961; Mallet et al.. 1963b; Maf 
Schneider, 1964; Perdriau. 1964b; Bourcsi 
Mallet, 1965). 

Careinogenic PAH have been extracted fr 
large variety of fresh plants, and were detect 
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ci^nsidcnihlc utnotinls in vviiictablcs. siiluils, s;r:iins, 
fiuils and edible inusiiruoins (Graf, I9M, l9fiS; 
GrimincrA l-lildcbrandi. I%5b. I965e. I9Wi: Grim­
mer, 1966: Graf A Diclil. 1966), as well as in \csc-
:ablc oils (Jung & Momnd, 1962. 1963; Ciusa ct al., 
1965; Ramcl ct al., 1965; BorncfT & Fabian, 1966; 
Craft & Norman, 1966; Howard ct al., 1966b; 
Lc CIcrcct al., 1966; Bicrnoih & Rest, 1967. I96S; 
Grimmer & Mildcbrandt, 1967a. I96S; Fabian. 
1968a); from these reports it appears that the UP 
content of actiw plant tissue is in the range of 
lO^gi'icg-20/ig/kg. In coconut oil its content may 
rise to about 50 /(g/kg while in most other examined 
xegeiable oils DP content was found to amount to 
only a few fxg/kg. 

Numerous reports have been published on the 
existence and concentration of carcinogenic PAH in 
carious fried, grilled, roasted and smoked (Ish and 
meat products as well as in coffee, with particular 
attention being given to BP (Bailey & Dungal. 1953; 
Gorelova & Dikun, 1958a, l9S8h. 1961. 1965; 
Kuralsune & Mueper, 1958, I960; Dnnsi & Zanini. 
!959; Dungril, 1959. 1961a, 1961b; Gorclnva el al.. 
1959. 1960, 1963a, 1963b; Nugmanov et al.. 1961; 
Shabad. 1961; Lijinsky & Shubik. 1964, I965ti, 
l9iiSh; nikim. 1965a. 1965b; Ramel et al.. 1965; 
Grimmer. 1966; Grimmer & llildebrandi. 1966. 
1967a, 1967b; Howard el al., 1966.1. !96rn:; LcClere 
ctal., 1966; ICunitsiine ct al.. 1966; .Musuda ct al.. 
1966; Sigurjonsson, 1966a. 1966b; Lijinsky, 1967; 
Fabian, l96Sb, 1969; TIturslcinsson & Thordarson, 
1968; Kraybill. 1969; Thorstcinsson, 1969). Levels 
of BP in such processed foods are, for example, 
37^g/kg in smoked flsh and 200/ig.'kg in coffee soot. 

A recent review (l-lacnni, 1968) discusses the scicn-
Jfic rationale and the analytical principles underlying 
:ontrol in the United States of America of the con-
amination of the food supply by potentially carcino-
'tcnic PAH arising from the use of food additives, 
fhe review supplements and brings up to date an 
»rlier paper by Gunther & Buzzetti (1965) which is 
»vn broader in scope. 

HEALTH CONSIDERATtONS 

In order to consider the possible effect of PAH on 
nan, it is pertinent to discuss their relative carcino-
{cnicities. For the most part conclusions as to the 
otency of these carcinogens are bxxcd on laboratory 
nimal axperimcnts only, althmigh one indirect and 
%o direct applications of UP to the human skin 
ovc been reported (Klar, 1938; Cottini & Mazzone, 

19.39; Khoads ct al.. 1954). "I he potency of ihexe 
substances varies with the species. It is lieliesed 
tluil some PAH arc indeed carcinogenic to nam, 
the most ubiquitous and potent one being possibly 
BP (Falk ct al., 1964). On the other hand, the 
importance of weak carcinogens has been empha­
sized, as these may be the significnnt agents in human 
carcinogenesis (ICennaway. 1955). 

A numl-icr of nllcmpls have been made to compare 
the potency of the various careinogenie PAH. Iball 
(1939) has introduced the "carcinogenic index", 
dcfinctl by the percentage of tumours produced 
over the as'crage latent period in days. Bcrcnbium 
(1945) has suggested a series of 12 "carcinogenic 
grades For simplicity Badger's .system involved 
4 grades of carcinogenicity (Badger, 1948). More 
recently u " relative activity index " has been devel­
oped using 3 grades only (Wynder & HolTmann, 
1959; Hoffmann & Wynder. 1962). Table I lists 
a variety of PAH graded by their method. In ail 
the previously reported methods the gntding has 
been based on the relative polcney of the carcino­
gens to the .skin of mice. UP being among the most 
active. 

UP. although a potent carcinogen, constitutes only 
a relatively small portion of the total carcinogenic 
PAII foimd in environmental samples. .Most investi-
gtilors have determined the levels of a single, or at 
most a few, careinogenie PAII in environmental 
samples. The work of Uornclf indicates that BP 
generally constitutes between I % and 21)% of the 
total carcinogenic PAH (Tables 3, 9. 10, 12, 14, 
IS and 16). 

Although being carcinogenic to animal :is.suc, PAH 
do not produce carcinomas or cell changes in plants 
(Manil &Straszcwska, 1950; Blochingcr, 196!; and 
others). Further, it has previously been noted that 
PAH may promote the growth of plants and that 
this characteristic may be related to their carcino­
genicity in animals (G.riif, 1964, 1965). 

As some derivatives of BP and other carcinogenic 
PAH arc formed during disinfection of water with 
oxidizing agents and ultraviolet radiation, and 
through various biochemical reactions, it is of inter­
est 'to briefly examine the carcinogenicity of such 
derivatives. Except with the addition of methyl 
groups and homologoux alky! derivatives, most UP 
derivatives at most have weak carcinogenic acti­
vity (Butcnandt &. Danncnbcrg, 1956). However. 
IO<hioro compounds do eaiixc lunuiiirs. 5-C"hloixi-
bcnzpyrcnc, formed during chlorinaliui! (Rcichen. 
i968a, 196Sb), was first suspected to be carcinogenic 



(Griir & Noihhuflft. 1963) but proved in later c\-
pcriincnls niti to lie sn (Miillcr & Rcichert, I9(i9). 
11tc (iuinonc», on the other hand, some of which 
are also formed during chlorination (Reichert, 1968a, 
l9riXb). do not produce tumours (Ruienandt &. 
Dannenberg, 1936), and may inhibit other earcino-
gcns (Buu-HoT, 1959). 
' There arc very few studies concerning the statisti­

cal correlation lietween cancer and drinking-water. 
Furthermore, no epidemiological evidence is avail­
able as to the excessive liability to cancer of a popu­
lation obtaining its drinking-water from bodies of 
polluted raw-water (Hucper St Conway, 1964). It 
was, ne\-erthelcss. noted that 4 London boroughs, 
supplied largely by well-water, had lower cancer 
mortalities than most of the other boroughs supplied 
with river water (Stocks, 1947). Another study con­
cluded that the highest cancer death rates arc for 
communities supplied by river water, followed by 
well water, and heath water (DichI & Tromp, 1954; 
Tnimp. 1955). None of these studies attempted to 
correlate cancer morbidity willt concentrations of 
PAIi. Finally it .should lie noted that one epidemio­
logical study of the incidence of gastric cancer con­
cluded that social factors and the kinds of soils 
present reduced the correlations othcnvisc obtained 
with the type of domestic water supply (Wynne-
Criflhh & Davies, 1954; Davies & Wynne-Griirith, 
1954). 

Although many experiments to determine the car­
cinogenic activity of BP have been conducted on 
various laboratory test animals, it is not within the 
scope of this review to summarize, compare or 
evaluate the experimental results. Yet it should be 
noted that the possible distribution in the body of 
ingested BP has been demonstrated (Poel, 1963); 
when fed to mice the BP was absorbed from the 
alimentary tract and distributed to various body 
organs. Fore-stomach tumours have developed in 
some miec within a year when administered with as 
little as 0.0625 mg of BP per dose twice weekly in 
0.1 ml Twcen-60 by gastric intubation. However, 
diirerences in the carcinogenic susceptibility to BP 
among various species of test animals have been 
observed. For example, BP is highly potent for the 
skin of mice, but only weakly active for that of 
rabbits (Hucper St Conway, 1964). Therefore, it is 
not possible to deduce the effect of BP on humans 
from the re.sultb of experiments on animals. ' 

lixpcrimcntaj work with mice, studying the rela­
tive ttiinour yield obtained with subcutaneous injec­
tions of various amounts of BP (Payne & Hucper, 

I960), has further confirmed "... the general im 
.N.on that repeated exposure t«i carcinogenic chcm 
arc more cifcctive than an equivalent single expos 
... Repeated doses of a carcinogen are, morec 
bound to overcome .iny modifying or inhibi 
influences which any constitutional and genetic 
dependent factor of the host organism may cxci 
the development of the cancerous response " (Hi 
Si Conway, 1964). Therefore, the experiments 
scribed fPayne & Hueper, 1960; Poel, 1963; 
indicate the potential danger of continuous expc 
to carcinogenic PAH introduced into the gas 
intestinal tract by water and food, even at low c 
centrations. However, it can be assumed that a . 
pereentage of the carcinogenic PAH or their nr 
bolitcs will lie eliminated quickly through the u 
and faeces (Chang. 1943; VVeigcrt SL Mottram, If 
1946b; Gerardc, 1960). 

It should be kept in mind that the usual relati 
ship of eflcctive doses oftoxic compounds in pre 
tion to body weight may not nece.s.sarily hold 
carcinogens because a tumour can develop at 
point of conuct with the carcinogenic maii 
Therefore, the probability of cancer being prodi 
in the human should not be directly related to ani 
size (Gerardc, I960). 

Until recently, threshold limits for careinoj 
PAH have not been determined (Bornclf St Fist 
1962b), and many investigators believe that c 
the slightest exposure will catisc irreversible eir 
(llnilsky St Vurshavskaya, I9r>4). It is thus obsci 
that carcinogens dilfer from .some other toxic a{ 
in that no safe level exists (Druckrcy, 1954; Boyls 
1958). Tlierefore, it has been suggested that 
threshold limit be set practically at zero (Gera 
I960). However, this recommendation is ncg: 
by the presence of carcinogenic PAH in so n-
plant tissues as to render the setting of such a li 
impracticable. 

Man is exposed to carcinogenic PAH from n-
sourees. A comparative study of their rela 
importance has, however, not yet been done. It 
been suggested that the carcinogenic material ingi 
by man from drinking-water should not surp: 
tenth of this material taken-up from normal ui 
air. This would limit the maximum pcrmiss 
concentration (MPC) in water to 0.017 /tg/liirc, 
with a daily consumption of 2.5 litres of drink 
water, to about 15 /ig yearly, and about I mg i 
lifclime (Romelf I-ischor, 1962b; Kruse, I'J 
The first recommeiulution has rccciuly been m 
concerning PAH in drinking-water supplies, pre 
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iiig Ihc iiorniai cuiKvnlration of 6 PAH, sclcctcii for 
L-a\y Jclcrminalion. to Im 0.1 /i|;/lilrc, and liinitini; 
till* iiia\iimiin rccomiuciulcil cunivntration (MItC) 
10 0.2 /iR'litrc (Horiictf & K.iintc. lOft'J; World 
Health Orcani/iition, 1070). Of the 6 selected PAH 
only 3 are caa-inuscnic (3,4-l)F, UP and IP) with 
an MRC of about 0.03 /<g/li(re, of which BP com­
prises about one fourth. Calculations based on 
4 drinking-water samples (Table 13) indictite an 
annual human consumption of carcinogenic PAH 
of about 6 /ig. 9 /ig, 22 /ig, and 70 us, respectively, 
for the population served. 

It may be estimated that bank-filtered water from 
the Rhine would result in a yearly total ingestion 
of 50 to 500 /eg of carcinogenic PAH (Borneir & 
Fischer, 1962a). Similarly, a river water source con­
taining 0.1 /ig/litrc of BP would result in 90 /xg per 
year (Oikun & Makhincnko, 1963). However, any 
current limits set on the amounts of these materials 
should be taken with reservation because they are 
not based on knowledge of their to.xic cflccts. 

Although currently the consumption of PAH-
ccntaining wtiicr is probably not dangerous, the 
combination of sources cannot bo c.Ncludcd as a 
potential hazard. When one considers that animal 
experiments have shown that repeated e.\posure to 
ean-inogens is more cITeclivc than an equivalent 
xingle dose, one should not neglect the possibility 
of cancer l^rom the repeated life-long c.\posure to 
carcinogens in air, food and water. Kotin (195S) 
said that repeated observations on the cumulative 
cifect of carcinogens strongly suggest that given 
enough time and a suflieient c.\posure in the pre­
sence of other pathogenetic factors, the inevitability 
uf cancer formation is one of the few certainties, 
of life. 

Therefore, the presence of PAH carcinogens in 
aaicr, food and air is undesirable. Moreover, 
hccauso of the technically unavoidable contamina­
tion from background, consideration should be given 
to avoiding increasing the level of carcinogenic PAH 

> in food, such as from additives or processing, us well 
-s limiting where practicable their concentrations in 
«ater and air. 

CONCLUSIONS 

The report of the WHO E*cpcrt Committee on the 
j frcrention of Cancer (1964) touches on the cnviron-

"i-'nial aspects and states: 

HTiviKx* inuastiiVN are needed to prewnt the iiUnidiie-
' • '•! nf eureinogenic industrial wabtos into the atinosphen: 

iiJ into public waters serving as sources of drinking-

water supply. Such prveaiiliiins are p.iilieul.iily iieces-
s.iiy when these w.istes .lie si.ilde .iiul eiiiniil.iliie. 
Although at pivsent lui clear e\iileiicc esists that such 
eiinjinogenic iiulustrial ciuiiaininanis uf .iir and w.iier 
have becunie an .iclual enviriininental e.uieer hazard to 
the gener.il population, they should he viewed witli 
hcrious concern, so as to forestall such eomplicutions In 
the future. 

Tlic conclusions that can Ix* drawn from reviewing 
tlic lilemturc arc as follows: 

(1) The health significance of traces of carcino­
genic PAH in drinking-water is not yet known. 

(2) With the present trend to reduce the pollution 
of surface water, allcniion should be given to reduc­
ing tlic amounts of carcinogenic PAH. 

(3) Good ground-water may contain on the aver­
age 0.001 /xg/litrc-0.01 /ig/litre of carcinogenic PAH, 
probably Icachcd from the soil by infiltrating surface 
water, thus making such concentrations technicaily 
unavoidable. However, waters with higher concen­
trations, such as in lakc.s and rivers, should be e.sam-
incd for their carcinogenic content when considering 
their use as raw supplies. 

(4) Detergents and mincnd oils in .surface waicr 
may alfcct soliibiiiiy uf PAH. Gcncrnlly, iiowevcr, 
the present concentration of dcicrgeiUs is probably 
too low to have a significant elfect. 

(5) Rivor-bank filtration generally docs not remove 
enough carcinogens, nor docs sedimentation, rapid 
sand-filtration, or chlorination. On the other hand, 
activatcd-cnrbon filtration at a sufficiently low filtra­
tion rate eliminates these carcinogenic substances to 
a great extent. Treatment with chlordioxide or 
ozone also appears to be promising. Because most 
current treatment processes do not free the water 
of carcinogenic PAH, these processes, as well as new 
methods, should be examined and developed with 
a view to improving their performance. 

(6) The difference in concentration of PAH car­
cinogens naturally present in water (from soil, plants 
and plankton) on the one hand, and in contaminated 
effluents (of municipal and industrial origin, and 
road run-ofT) on the other, suggests that PAH are 
indicators of'watcr contamination. 

(7) Because of the technically unavoidable natural 
background of carcinogenic PAH to which man is 
exposed from water, food and air, and due to the 
probably cumiiiativu effect of liiosc siiKiances. tlic 
introduction of carcinogenic .iddilivos in food, such 
as dyes and prcscn'ativcs, should be avoided, or at 
least limited as much as possible. 
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RL'SUMI: 

LES HYDROCARBURES AR0MAT1QUES POLYCYCLIQUES DANS LC MIUCU. 
ET CN PARTICULIEII DANS L'EAU 

On sait que beaucoup d'hydrocarburcs aromatiqucs 
polycycliqiics soni cnnccrnticncs pour rnniinal, ci 
probablcincnt aubsi pour riiomine. L'fludc actucllc 
passe en rcvuc los divers aspects du probleme que pose 
la presence dans I'eau de ces composes, parmi lesqucis 
Ic benzo-3,4 pyrene reticnt particuliircmcnt I'aticniion 
en niison dc son ubiquitd, de son pouvoir canccrogtoe 
cleve ct des nombreuses techetchcs qui lui ont dtd 
consacrces. 

Les hydrocarbures aromatiqucs poiycycliques sont 
eineralemcnt ie produit de la combustion et dc processus 
exieeant dc trcs hautes icmpdratuccs, mais Icur omni-
presence dans Ic milieu amine a considirer comme 
vraiscmblabie leur synthcsc par les plantcs ct les micro* 
organismcs. On les trouvc dans des conditions exciuant 
toute contamination rdiultant d'activitds humaines, 
dans les roiets viergcs, les bones, les sediments ct dans 
la flore ct la faune dc beaucoup d'eaux naturellcs. 
Bicn que spontaniment tres pcu solubles dans I'eau 
pure. iU pcuvcnl ctre solublliscs par ccrtaines substances 
cnmnu lex deicrip:nts ct les huilcs mliicnilcs. Ih pcuvcnl 
ctre vdiiiculds a distance apris avoir etd adsorbes sur 

des cldments de la faune ct de la flore aiiuatiqi 
de Icufs parlicularllcs est d'etre seiisibles j la lur 

Dc multiples activitds entralncnt la production 
carburcs aromatiqucs poiycycliques et les cffluen: 
Iricls cn devcrsent de grandcs quantitcs dans It 
Les eaux d'dgout cn conticnneni, dc mcme que 
humainc. L'cxamen d'eaux dc divcrses origi; 
tindes uitdrieurement aux usages domestiqucs 
que la concentration des hydrocarbures cand 
est minimaic dans les eaux souterraines ct qu'elle t 
dans les eaux traitces ct surtout dans les eaux 
face. La plupart des techniques ciassiques de trs 
des eaux (filtration rapidc sur sable, chloratior 
ment par I'ozone) n'ont qti'unc cfficacitc ilmitce t 
regarde I'dllmlnation de ees composes. La filtrat 
charbon activd donne les meillcurs rcsuluts. 

II est impossible de mcttne I'homme comp 
a I'abri des circts des hydroarburcs aromntiqi 
cycllqiics qui sont partotit presents dans Ic mi 
rcpicscntent done unc menace piUcnticlfc. bien 
cona'nlrsilitiiis dceciOcx juM|u';i present nc pj 
pits dangcivuscs. 
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